In this paper we study a periodic review inventory model with stock dependent demand. When stock on hand is zero, the inventory manager offers a price discount to customers who are willing to backorder their demand. Permissible delay in payments allowed to the inventory manager is also taken into account. Numerical examples are cited to illustrate the model.
INTRODUCTION
In traditional inventory models, it is generally assumed that the demand rate is independent of factors like stock availability, price of items, etc. However, in actual practice, it is observed that demand for certain items is greatly influenced by the stock level. For example, an increase in shelf space for an item is seen to induce more consumers to buy it owing to its visibility, popularity or variety. Conversely, low stocks of certain goods might raise the perception that they are not fresh. Levin et al. (1972) pointed out that large piles of consumer goods displayed in a supermarket attract the customer to buy more. Silver and Peterson (1985) noted that sales at the retail level tend to be proportional to the stock displayed. Baker and Urban (1988) established an EOQ model for a power-form inventory-level-dependent demand pattern. Padmanabhan and Vrat (1990) developed a multi-item inventory model for deteriorating items with stockdependent demand under resource constraints. Datta and Pal (1990) presented an inventory model in which the demand rate is dependent on the instantaneous inventory level until a given inventory level is achieved after which, the demand rate becomes constant. Urban and Baker (1997) deliberated the EOQ model in which the demand is a multivariate function of price, time, and level of inventory. Giri and Chaudhuri (1998) expanded the EOQ model to allow for a nonlinear holding cost. Roy and Maiti (1998) developed multi-item inventory models of deteriorating items with stock-dependent demand in a fuzzy environment. Datta In inventory models with shortages, the general assumption is that the unmet demand is either completely lost or completely backlogged. However, it is quite possible that while some customers leave, others are willing to wait till fulfillment of their demand. In some situations, the inventory manager may offer a discount on backorders and/or reduction in waiting time to tempt customers to wait. In many real-life situations, the supplier allows the inventory manager a certain fixed period of time to settle his accounts. No interest is charged during this period but beyond it, the manager has to pay an interest to the supplier. During the permitted time period, the manager is free to sell his goods, accumulate revenue and earn interest. Hence, it is profitable to the manager to delay his payment till the last day of the settlement period. Goyal (1985) In this paper, we consider a periodic review inventory model with stock dependent demand. The supplier allows the inventory manager a fixed time interval to settle his dues and the manager offers his customer a discount in case he is willing to backorder his demand when there is a stock-out. The paper is organized as follows. Assumptions and notations are presented in Section 2. In Section 3, the model is formulated and the optimal order quantity and backorder price discount determined. In Section 4, numerical examples are cited to illustrate the policy and to analyze the sensitivity of the model with respect to the cost parameters. Concluding remarks are given in Section 5.
NOTATIONS AND ASSUMPTIONS
To develop the model, we use the following notations and assumptions. Notations 
MODEL FORMULATION
The planning period is divided into reorder intervals, each of length T units. Orders are placed at time points 0, T, 2T, 3T, …, the order quantity being just sufficient to bring the stock height to a certain maximum level S. Assuming that at the beginning of the first reorder interval the stock level is zero just before ordering, the order quantity in this interval is equal to S.
Depletion of inventory occurs due to demand during the period (0, T 1 ), T 1 < T, and in the interval (T 1 , T) shortage occurs, of which a fraction b is backlogged. Hence, the variation in inventory level with respect to time is given by For M ≤ T 1 , the inventory manager has stock on hand beyond M, and so he can use the sale revenue to earn interest at a rate I e during (0, T 1 ). The interest earned by the buyer is, therefore,
Beyond the fixed settlement period, the unsold stock is financed with an interest rate I r , so that the interest payable by the inventory manager is
Hence, the cost per unit length of a replenishment cycle is given by 
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The total expected cost per unit length of a replenishment cycle is, therefore, given by 
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The optimal values of the decision variables 1 ( , , )
will be the set of values minimizing 1 1 ( , , ) C T T b if min 1 1 ( , , ) C T T b ≤ min 2 1 ( , , ) C T T b , or the set of values minimizing 2 1 ( , , ) C T T b if min 2 1 ( , , ) C T T b ≤ min 1 1 ( , , ) C T T b . To find the optimal values of 1 , T T and b, we note that for given b, ( 1 , T T ) minimizing 1 1 ( , , ) T T . However, as closed form solutions are difficult to obtain, the following theorems may be helpful in finding the optimal solution to the problem. 
Proof:
We have
. 
NUMERICAL ILLUSTRATION AND SENSITIVITY ANALYSIS
Since it is difficult to find closed form solutions to the sets of equations (3.1)-(3.2) and (3.3)-(3.4), we numerically find optimal solutions to the problem for given sets of model parameters, using the statistical software MATLAB. The following tables show the change in optimal inventory policy with change in a model parameter, when the other parameters remain fixed. We assume that α = 70, β = 0.7, b 0 = 1. The above tables show that, for other parameters remaining constant, (a) both T 1 and T are decreasing in s 1 , h and I r , but increase as s 2 The above observations indicate that, with the aim to minimizing total cost, the policy should be to maintain high inventory level for low backorder and holding costs but high lost sales cost and interest earned. Also, higher the backorder cost, lower should be the price discount offered on a backorder.
CONCLUSIONS
The paper studies a periodic review inventory model with stock dependent demand, allowing shortages. When there is a stock out, the inventory manager offers a discount to each customer who is ready to wait till fulfillment of his demand. On the other hand, the replenishment source allows the inventory manager a certain fixed period of time to settle his accounts. No interest is charged during this period but beyond it, the manager has to pay an interest. The optimum ordering policy and the optimum discount offered for each backorder are determined by minimizing the total cost in a replenishment interval. Through numerical study, it is observed that for low backorder cost, it is beneficial to the inventory manager to offer the customers high discount on backorders.
